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WWZ/A anomalous couplings
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WWZ/A anomalous couplings
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| gww~y = —€ gwwyz = —ecot ewl

EM gauge invariance implies: g¢/=1 g/ =97=0
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WWZ/A anomalous couplings
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WWZ/A anomalous couplings
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Form factors are higher dimension operators
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WWZ/A anomalous couplings
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BEffective Lagrangian

- o SM fields only (Higgs
field included)

e [nvariant under the
SM symmetries
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WW(WZ/WA) production
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WW(WZ/WA) production

»»'«'4‘

(D, @)W (D, ®)
(D, ®)'B" (D, P)

Tr[W,,, WP W]
(D, @)W (D, ®)
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WW(WZ/WA) production
TGC’s and weak boson
masses are affected by

(D,®) W (D,®) different operators at
(D,®)'B" (D, ®) the tree-level in this
bassis

Tr[W,,, WP W]

(D, ®)'W"(D,®)
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WW(WZ/WA) production
TGC’s and weak boson
masses are affected by

(D,®) W (D,®) different operators at
(D,®)'B" (D, ®) the tree-level in this
bassis

Tr[W,,, WP W]

Only S operators!
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CP even Operators

Tr|W,W**W|
(D, @)W (D, ®)
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(D.®)'WH(D,®)

Celine Degrande (UIUC)



A rah
R

W

W

H

Celine Degrande (UIUC)




s
N

ine Degrande (UIUC)

Cel




PDG constraints

o7 =0.0847002  EEEENEIT.
Ky = 09798 ‘ .
AV = —0 0280+%%820 cwww/ A% € [-11.9,1.94]TeV "
g 1ot006 OO, | A4 TcV

Xi — _onotoor D 19| TV

i /A € [—185.3, —82.4]TeV ™~
cii [ € [-39.3, —4.9]TeV

e Only LEP combination
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PDG constraints

g7 = 0.984 S At 68% C.L.

k. = 0.97979-0%4 _ -
)\'Y ) 0280—1—%4820 ; CV[/'{/VV[/'/A/\2 £ [—119, 94]T€V -
g0t |ew[ARE-8.42,1.44|TeV

Xi oo 140 TV

i [N € [—185.3, —82.4]TeV ™~
cii [ € [-39.3, —4.9]TeV

e Only LEP combination

e Tevratron measurements use form
factors/other relations
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Unitarity bound

pp—~WW @ LHC 14 TeV with Cyww/A*=6.25 TeV ™
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Unitarity bound

pp—~WW @ LHC 14 TeV with Cyww/A*=6.25 TeV ™

SM
Uni. bound

More than
& orders of
magnitude
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Tranverse polarizations

p—»WW @ LHC 14 TeV with Cyww/A2=6.25 TeV > pp—>WrWr @ LHC 14 TeV with Cy/A%=6.25 TeV ™
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Tranverse polarizations

pp—»WW @ LHC 14 TeV with Cywww/A*=6.25 TeV ™ pp—>WrWr @ LHC 14 TeV with Cy/A%=6.25 TeV ™
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Tranverse polarizations

pp—»WW @ LHC 14 TeV with Cywww/A*=6.25 TeV ™ pp—>WrWr @ LHC 14 TeV with Cy/A%=6.25 TeV ™

SM
Int

Owww
SM+Int

SM+Int+ OWWW

oM has a large contribution

Q)
Dim-6 operators have small ok

contributions
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pp—» W, W, @ LHC 14 TeV with Cy/A*=6.25 TeV ™ pp—>WrW, @ LHC 14 TeV with Cyy/A%*=6.25 TeV 2

SM+Int

SM+Int
SM+Int+Oy,

SM+Int+Oy

do/dmy,, (pb/GeV)
do/dmy,, (pb/GeV)

Largest
for Oy
Smallest

for SM
| | for SM
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SM+Int
SM+Int+0p

Largest
for Oy
Smallest
for SM

do/dmy,y (pb/GeV)

SM+Int
SM+Int+0p

Similar to O, with a
smaller coefficient
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EFT for QGC

e Same (Cz) operators than for TGC gives
WWWW, WWzZA, WWAA, WWZZ vertices

e gauge invariance requires & and 4 legs
vertices to be related
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W scattering and unitarity

| How many
F o lLambda® = 6 oS - events
with an
boson
Ivariant
ma.ss
above &2
TeV?

From M. Rauch
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NnTGC

L
Lcnioe Loy + 0+ Z FO?

1 CP-even operator

i H'B,,WH" {D, D"} H
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i H'B,,B"" {D, D'} H
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NnTGC

L
Lcnioe Loy + 0+ Z FO?

1 CP-even operator

OEW

— {H'B,,W* {D, D'} H

3 CP-odd operators
i H'B,W" {D, D'} H

i H'W,, W {D, D"} H
i H'B,,B" {D,, D"} H
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Anomalous vertices

Zer%ﬁzﬁ/ (qla do, q3)

ZeF%f/’LXL/ (q17 da, q3)
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IMJ" = | Msy|” + 2R (MsnrMis) +
—_—— N—,\—
O(A®) O(A~%)
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NnTGC

200 GeV e'e collision (A>200 GeV)
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NnTGC

200 GeV e'e collision (A>200 GeV)
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NnTGC

200 GeV e'e collision (A>200 GeV)

1 TeV\* 1 TeV\*®
a(eé—>ZZ)/fb:1252—3.2-10_3C§W( Ae ) +---+1.4-10‘4C%W< Ae ) +

1 TeV 1 Te\/)8
+...

4
oy ce — 472/ fb = 233-2.6-10"°Cjzy, ( n ) +-47.9-107°C% ( n

1/s* B

1 TeV)*
J(eé%ZZ)/fb:144—O.4lC§W( © ) +

A

_ 1 TeV\*
O'cht(ee — ZTZL)/fb = (0.59 — 0’44O§W A +
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Concluding remarks

Search for new physics through new interactions
between known particles

EFT are a good way to search for heavy new
physics

e More predictive

e Satisfy unitarity

e Take care of auge invariance

s, 0 and polarizations are affected by NP

EFT (dim-6) for gauge bosons is available in
MadGraph
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Dimension and errors

e Smaller effects or larger errors for
higher dimension opera,tors
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Dimension and errors

e Smaller effects or larger errors for
higher dimension opera,tors

£ = M Z+ZA408+O o
1 10% 1% 0.1%

1 0% 10% 3%

e Extra assumptions if first order does
not vanishes

e More parameters/less guidance

e Can affect a new observable
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Expansion and error
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Expansion and error

pp—WrW;, @ LHC 14 TeV with Cy/A’=625TeV? = 1/ (400G eV)2
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Expansion and error

p—W;Wr @ LHC 14 TeV with Cy/A’=625 TeV> = 1/ (400GeV)

SM+Int
SM+Int+0Oy

>
O
<
S
e

=

=
=
2
b
o

P is suppressed : Bad estimate of the scale
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